Great strides have been made over the centuries in analysing biochemically the various body fluids, prime amongst which are urinel, blood and cerebrospinal fluid2. Such clinical advances have been intimately related to, and necessarily constrained by, the analytical capabilities of the day; and these, in turn, have been heavily dependent upon technological advances in scientific instrumentation. In this article we examine early developments in laboratory instrumentation and their influence on progress in the chemical analysis of biological fluids.
EARLY LABORATORY INSTRUMENTATION-THE SIMPLE AND THE SOPHISTICATED
The early modes of instrumentation employed in body fluid examination notably urine and blood were very rudimentary; simple household items were commonly used in such tests; for example, Richard Bright (1789-1858) used a candle flame to heat urine in a tablespoon when testing for proteinuria in cases of suspected renal disease3. One of the earliest pieces of more complex equipment was the microscope, introduced in its simple form in 1668 by Antoni van Leeuwenhoek (1632-1723); he used this apparatus, which comprised a set of double-convex lenses mounted between brass plates, to observe the cells in blood, and the first accurate description of red blood corpuscles was published in 16744. However, Pierre Borel (1620-1689)-who is credited with being the first to apply microscopy to medicine had collected evidence in 1655 which indicated that the compound microscope had been invented in 1590 by Zaccharias Janssen5; this invention preceded by more than 50 years the simple version ascribed to van Leeuwenhoek. Nevertheless, the microscope did not become firmly established in the clinical pathology laboratory until around 1820, shortly after the achromatic objective lens had been designed by Joseph Lister . This latter development was paramount in advancing the clinical usefulness of microscopy4.
Many of the instruments that found application in the emerging science of clinical analytical chemistry had already achieved an established role in what might be regarded as pure chemistry. Such equipment included the sensitive weighing balances whose manufacture had been championed by Laurent Lavoisier (1743-1794), who recognized the need for much greater accuracy in quantitative measurement ( Figure 1 ) and had constantly urged manufacturers to improve the design of their balances6.
Another piece of apparatus introduced in the eighteenth century was the graduated measuring cylinder, first used for volumetric analysis in 1784 by Louis Bernard Guyton de Morveau (1737 Morveau ( -1816 . The accuracy and ease of volumetric analysis was greatly increased in 1806 when Franqois Descroizilles (1751-1825) introduced the burette.
This had an air-hole over which a finger could be placed to control the outflow of fluid7. Further developments in the early nineteenth century led to introduction of the refractometer in 1802 by William Hyde Wollaston (1766-1828); the instrument did not come into clinical use until 1900, when Strubell applied it to measuring serum proteins6. The polaroscope, an instrument used to measure the ability of optically active substances to rotate polarized light, was introduced in 1840 by Jean Baptiste Biot (1774-1862). Biot formulated the optical law on polarized light and used the polaroscope to determine the nature and amount of sugars in solution. About a decade later, in 1849, ' Johann Florian Heller (1813-1871) introduced the urinometer for ascertaining the specific gravity of urine-a development that led to the detailed assessment of specific gravity in the clinical situation. Urinometry finally confirmed as correct the suggestion made four centuries earlier in 1450 by Cardinal Nicolaus Cusanus (1401-1464) that the weighing of urine might be of clinical importance8.
THE 'EARLY LABORATORY'
One of the earliest descriptions of the range of instrumentation required for undertaking a 'comprehensive' analysis of a body fluid relates to urinalysis; it was recorded in a book entitled An Inquiry into the Nature and Treatment of Diabetes, Calculus and the Affections of the Urinary Organs, published in 1821 by William Prout (1785-1850). In one chapter Prout lists a specific gravity bottle, a blow-pipe and forceps together with two discs of glass plate for discriminating pus from mucus-as being the basic apparatus required for performing laboratory tests on urine to aid diagnosis9. What may be regarded as the first record of equipment needed by a clinical pathology laboratory can be traced back to a monograph published in 1844 by Golding Bird (1814 -1854 and entitled Urinary Deposits, their Diagnosis, Pathology and Therapeutic Indications. In this volume Bird had documented essential but inexpensive laboratory apparatus that would be required by the practitioner for routine urinalysis in the absence of more elaborate instrumentation. The actual items listed included a Griffin's earthenware lamp furnace, a glass funnel, good filtering paper of firm texture, a Berlin porcelain crucible with a capacity of one ounce, two Berlin evaporating dishes, a conical precipitation glass, a urinometer and a balance of sufficient sensitivity such that 'it turns readily with a quarter of a grain when loaded with an ounce'. Bird also described the construction of an 'in-house' version of a simple polaroscope-as an alternative to the commercially available ones which at £18-20 were thought beyond reach of the average practitioner10. This cautionary advice on obtaining value for money, implicit in the above recommendations, is still relevant today. The laboratory of Justus von Liebig (1803-1873), as depicted in Figure 2 , provides a further example of the instruments regarded as essential for a diagnostic laboratory.
In the early twentieth century, the scientific equipment likely to be found in a clinical pathology laboratory was still somewhat unsophisticated. Describing in 1920 a modern clinical pathology laboratory within a 200-bedded American hospital, Peterson and Schmidt listed a centrifuge, a urinometer, two monocular microscopes, two small substage microscope lights, a Bunsen burner, a Dubosq colorimeter, a basal metabolic rate machine, an electro- antisera and an assortment of test tubes, beakers and pipettestt.
THE HYPODERMIC SYRINGE
It was in 1845 that Francis Rynd (1803-1861) invented a special instrument with which he gave subcutaneous injections of morphia for pain relief; this device, which was the forebear of the modern hypodermic syringe, did not have a plunger and the fluid contained within it entered the tissues by force of gravity alone. In 1853, Charles Gabriel Pravaz (1791-1853) modified the syringe to include a plunger, thus permitting it to be used for the administration of drugs by the intravenous route. However, it was not until many years later that syringes became widely available and could be used for blood collection; indeed, right up to about 1920, blood volumes greater than that which could be obtained by finger prick were collected by 'cut-down' to expose the vein, with subsequent venesection and cupping12-15. Although the hypodermic syringe was not primary laboratory equipment, the ease with which blood was now procured must have greatly stimulated the further development of analytical techniques and instrumentation. SPECTROANALYSIS, COLORIMETRY AND THE PHOTOELECTRIC CELL In the early 1840s, Robert Wilhelm Bunsen (1811-1899) introduced spectroanalysis and the concept of coefficient of extinction. This led to development of the spectroscope, which by 1860 was well established for detecting the various spectrogenic pigments in blood1648. Introduction of colorimetry marked a major turning-point in analytical development; the first colorimeter, designed by Jules Dubosq (1817-1886) in France, became available in 1854 cardiograph, a microtome, a knife, a paraffin bath, a few 57 1
and was used initially to measure caramel in syrup. The Dubosq colorimeter was the first in a series of visual colorimeters of which there were soon to be three versions namely, the plunger, the wedge and the dilution types19. In the plunger type (as designed by Dubosq), the int"ensity of colour of either standard or unknown was varied by changing the depth of solution with the aid of a plunger; the concentrations of standard and unknown solutions were then inversely proportional to their depths when the colours matched. In wedge type colorimeters, the standard solution was placed in a wedge which was then moved up and down until the colour intensity matched that of the unknown. In the case of the dilution type of colorimeter (e.g. the Sahli haemoglobinometer) the unknown solution was diluted until it matched the standard20. Another simple colorimeter, likewise based on the visual comparison of colours, was the Lovibond comparator, introduced in 1890 by Joseph Lovibond; this comprised standard coloured glass discs which were matched by eye with the colour of the unknown solution produced by means of a chemical reaction in the test tube. The instrument had originally been designed for standardizing the colour of beer, but later found application in measuring haemoglobin and many other biochemical substances6.
It was through introduction of the photoelectric cell that subjective variability in colorimetry was removed. The early photoelectric colorimeters, such as the Sheard and Sanford filter photometer designed in 1933, the Evelyn photometer of 1936 and the Leitz photometer dated 1937, used coloured filters to isolate a narrow range of wavelengths. Further improvements in technology led to development of the spectrophotometer. The use of a prism or diffraction grating in this instrument enabled measurement of optical densities in a continuous sequence over the whole range of the visible spectrum. One of the earliest of the first set of spectrophotometers was the Beckman DU, described by Carey and Beckman in 1941. Subsequent generations of spectrophotometers were, in addition, capable of measuring optical densities in both the ultraviolet and the infrared regions. These photoelectric instruments were undoubtedly the forerunners of automation20.
ARRIVAL OF THE CENTRIFUGE
The centrifuge, one of the essential pieces of equipment to be found in the clinical laboratory, was invented in 1883 by the Swedish engineer Carl Gustav Patrik de Laval (1845-1913); he had applied the instrument to the separation of cream. Since that time several versions were introduced, which can be classified broadly into three categories-the horizontal-head type, the angle-head version, and the In the horizontal-head centrifuge, tubes placed in the cups of the rotor assume a horizontal plane when the rotor is in motion and a vertical position when it is at rest. This configuration permits uniform sedimentation of particles during centrifugation with production of a well packed sediment pellet at the bottom of the tube. The angle-head (or fixed-angle) centrifuge, on the other hand, employs tubes which are held in fixed position at angles between 25 and 40 degrees to the vertical axis of rotation of the rotor. While this configuration generates a poorly packed pellet during centrifugation, the aerodynamic shape of the anglehead rotor allows more rapid sedimentation of small particles and can be run at higher speeds than the horizontal-head rotor. The ultracentrifuge is simply a very high-speed centrifuge which usually uses fixed-angle rotors and requires a refrigerated chamber to overcome the intense heat which may be generated during operation. The ultracentrifuge, developed about 1920 by Theodor Svedberg (1884-1971) and improved upon a decade later by Jesse Beams, was most commonly applied to separation of lipoproteins2t.
THE BUNSEN BURNER
Another piece of apparatus widely used in laboratories as a heating device was the Bunsen burner; it had been designed originally by the British chemist and physicist, Michael Faraday (1791-1867). However, it was Robert Bunsen who adapted the concept of the gas-air burner in 1855 and who was responsible for popularizing its use; we should not be at all surprised, therefore, that the device was named after him. The Bunsen burner was a short, vertical tube of metal, perforated at the bottom to admit air and connected to a gas source; the flow of air was controlled by an adjustable collar on the tube. It was particularly attractive because it provided a steady, hot, smokeless flame.
EMISSION SPECTROSCOPY
The origins of emission spectroscopy can be traced back to the 1820s when John Frederick William Herschel (1792-1871) and Talbot showed that this technique could be used to identify elements by means of the characteristic spectra of their free atoms. Similarly, in 1802, William Hyde Wollaston first noted that the spectrum of the sun contained dark parts, the Frauenhofer lines, which were subsequently shown in 1814 by Joseph von Frauenhofer (1787-1826) to be the result of absorption by gases, although it was not until 1860 that this phenomenon could be fully explained by Robert Bunsen and Gustav Robert Kirchoff . This was the first example of absorption spectroscopy'6'22 23. However, there was to be a wait of about 100 years ultracentrifuge.
before the analytical potential of these principles of spectrochemical analysis was fully realized. Emission spectroscopy was thus finally translated into an analytical tool in 1929 when Henrik Gunnar Lundgardh introduced the flame photometer which was used to estimate certain elements. A mixture of air and acetylene was used as an energy source; the light which was emitted, being dispersed by a quartz prism, was captured on a photographic plate24. This prototype continued to be refined and modified in the subsequent decade before the flame photometer finally came into general use for routine electrolyte determinations. Emergence of the flame photometer allowed quick and accurate estimation of electrolytes in body fluids; hitherto, sodium and potassium concentrations had been measured by cumbersome titrimetric and colorimetric procedures. Considerable time was to elapse before absorption spectroscopy likewise achieved a clinical role. It was only in 1955 that Walsh first applied the technique to quantitative elemental analysis in the laboratory-hence the birth of the atomic absorption spectrophotometer25. Advent of this instrument stimulated yet further interest in trace elements, which could now be quantified both rapidly and accurately for routine clinical purposes.
ELECTROPHORESIS
The first electrophoretic method used to study proteins employed the moving boundary electrophoresis apparatus devised in 1937 by Arne Wilhelm Tiselius . Essentially, the equipment was a rectangular sectional quartz U-tube, provided with an optical system that displayed the migration of proteins in an electrical field. The sample to be analysed was diluted and placed in the bottom of the U-tube where protein constituents were measured by means of very sensitive interference optics. These optics detected the presence of protein zones due to the difference of refraction caused by their concentration changes (boundaries) in the buffer solution20. The moving boundary electrophoresis apparatus was indeed quite complex, the technique was difficult and large sample volumes (0.5mL) of serum were required; eventually techniques such as paper, agarose gel or cellulose acetate electrophoresis provided similar information much more easily.
BLOOD GAS ANALYSIS
In the domain of blood gas analysis the volumetric apparatus, introduced in 1917 by Donald Van Slyke (1883-1971), enabled accurate determination of the total carbon dioxide content of blood. It was also used for the accurate measurement of whole blood oxygen capacity in 1918 and for carbon monoxide assay in 1919. The Van Slyke volumetric apparatus was a great improvement on the original method for determination of blood gases intro-SOCIETY OF MEDICINE Volume 90 October 1 997 duced in 1902 by Joseph Barcroft (1872-1947) and John Scott Haldane (1860-1936); this had involved liberation of gases into a large chamber filled with air at atmospheric pressure, with the volume of air in the chamber being about 40-fold that of the gas being measured. Van Slyke and his colleagues subsequently replaced the volumetric apparatus with a more accurate and convenient manometric model in 1924. This manometric apparatus, with some industrial modifications, remained the standard laboratory tool for blood gas analysis for about 40 years. A micro-version of the apparatus, called the Natelson microgasometer, was introduced in 1951; it remained very popular for many years. Indeed, many advances in the knowledge of acid-base balance have directly depended upon information obtained with the aid of this instrument. Furthermore, the manometric apparatus was later adapted in the development of several other accurate gasometric methods developed by the Van Slyke group. Such methods included determination of haemoglobin by measurement of oxygen capacity, urea by release of carbon dioxide following the action of urease, nitrogen by treatment of Kjeldahl digests with hypobromite to release nitrogen from ammonia, aminoacids after treatment with nitrous acid to release nitrogen, and fermentable sugar by measurement of the carbon dioxide liberated20'26'27.
Modem-day blood gas analysis has its roots in the work of Walther Hermann Nernst (1864 Nernst ( -1941 . It was his early study of single-electrode potentials that led directly to the modem electrochemical analytical methods. His mathematical equation, often referred to as Nemst's equation, underlies the working of all three of the modern blood gas electrodes-together with a fourth, the reference electrode, which is used in conjunction with each of the other three28. The glass pH electrode was discovered in 1909 by Max Cremer (1865-1935), who was the first to observe that a thin glass membrane behaved as if it were permeable to hydrogen ions29. However, it was not until two decades later that Phyllis Tookey Kerridge of London constructed in 1925 the first glass pH electrode that was applicable to investigations on blood30. The first commercially produced anaerobic pH electrode applicable to blood was introduced in 1933 by Duncan Arthur Maclnnes (1885-1965) and Belcher31. This was called the 'condenser electrode' because it resembled a condenser for a still; it was marketed by the Cambridge Instrument Company in 1950. Nevertheless, the first accurate measurement of blood pH is credited to Karl Albert Hasselbalch (1874-1962) and Christen Lundsgaard (b. 1883) who used the hydrogen electrode for this purpose in 191232. The carbon dioxide electrode was invented in 1954 by Richard Stow (b. 1916); basically, this was a pH electrode covered by a thin electrolyte layer, separated from the sample by an insulating carbon dioxide-permeable membrane, usually made of Teflon33. With reference to oxygen measurement, the 573 membrane-covered polarographic oxygen electrode, invented in 1953 by Leland C Clark Jr (b. 1918), enabled accurate and easy determination of oxygen tension in liquids34 35 . Previous methods, using dropping-mercury electrode polarography which was pioneered in 1925 by Javoslav Heyrovsky and improved upon in 1942 by Henry Knowles Beecher (1904 Beecher ( -1976 , had been difficult to use; they required either anaerobic plasma separation and transfer or calibration with tonometered blood, together with frequent cleaning of the mercury36'37.
CHROMATOGRAPHY
The term chromatography was coined by the Russian botanist Mikhail Tsvett (1872-1919); it was he who described the first mode, absorption chromatography, as long ago as 1906. Tsvett was searching for a means of separating plant pigments into their constituent parts; he recognized, from his studies, that the resolution of the pigments into a number of coloured bands on his column of calcium carbonate was due to adsorption of the chemicals. Ion-exchange chromatography was introduced in 1936 by Adams and Holmes. Development of partition chromatography in 1941 by Archer John Porter Martin (b. 1910) and Richard Laurence Millington Synge (b. 1914) grew out of their attempt to separate aminoacids by countercurrent extraction; they discovered that, by use of a short column of water-coated silica gel, there resulted a far superior separation of monoamino monocarboxylic acids than by the use of extraction methods. Paper chromatography was introduced in 1944 by AJP Martin and co-workers; to separate aminoacids they devised an apparatus in which a water-coated paper strip was suspended in solvent contained in a trough, the solvent flowing down the paper to produce a one-way paper chromatogram38'39. Thin-layer chromatography was introduced in the early 1950s by Mottier and his colleagues; however, the first practical version of both the technique and the apparatus was developed by E Stahl in 1965-inspired by the difficulties encountered in analysing flavour components and pharmaceutical samples40. In 1952, AT James and AJP Martin developed gas-liquid chromatography to achieve better separation of volatile fatty acids4l. All these techniques and associated instrumentation are still used to this day in the chemical pathology laboratory-though in some cases with modification. The column ion-exchange chromatographic technique devised in 1954 by William Howard Stein and Stanford Moore led to the development of an automated aminoacid analyser42.
RADIOISOTOPES AND THEIR DETECTORS
Introduction of radioisotopes into chemical pathology measurement by means of radioimmunoassay, which greatly advanced knowledge of endocrinology in general. The discovery of radioactivity and the earliest mode of its detection is credited to the French physicist Henri Antoine Becquerel (1852-1908) who in 1895 observed that phosphorescent uranium salts blackened a photographic plate; he concluded that this effect was due to a penetrating radiation given off by uranium. The experiments that led to Becquerel's findings were stimulated by the discovery of X rays, also published in 1895 but two months earlier, by the German physicist Wilhelm Conrad Rontgen . However, the term radioactivity was coined, to describe the radiation which Becquerel had discovered, by one of his doctoral students Marie Curie (1867-1934) in 1896. Marie Curie had chosen for her doctorate thesis to investigate what in uranium was responsible for the radiation; she measured radioactivity by means of a piezoelectric device which her husband, Becquerel's friend Pierre Curie , had invented a few years earlier. The Curies were able to demonstrate radioactivity not only in uranium but also in thorium. Radioactive emission from uranium was later revealed by Ernest Rutherford (1871-1937) , working with the Curies and others, in 1911 to be of three typesalpha particles, beta particles and gamma rays43. To this day these three radiation types form the basis of classification of radioactive emissions. The photographic method of radiation detection, in the form of autoradiography, is still used in the molecular biology laboratory during DNA analysis.
In 1895, the cloud chamber was invented by the Scottish physicist Charles Thomson Rees Wilson . In this instrument, charged particles or gamma rays were passed through a glass container (chamber) filled with moisture-saturated air; the ionized atoms in the path of these rays or particles created vapour tracks which could easily be viewed by means of cross-lighting. The characteristics of these radiations could then be assessed by studying the pattern of the vapour tracks and their behaviour in magnetic fields. Next came the spinthariscope, invented by William Crookes (1832-1919) in 1903. In this device, the tiny light-flash scintillations produced by impingement of radioactive emissions on a zinc sulphide screen could be viewed individually with a low-power microscope and counted; this technique was sufficiently sensitive to permit discrimination between scintillations produced by the different radioactive particles. A simple but elegant radiation detector, which became popular between 1915 and 1920, was the gold leaf electroscope. This was based on the ability of radioactive particles to repel a gold leaf foil attached to an insulated metal bar; the rate of return of the leaf not only indicated the rate of discharge of radiation but also reflected its nature43. The next generation of radiation detectors, the marked the beginning of a new era in hormone ionization or gas-filled counters, were introduced by Ernest 574 Rutherford and Wilhelm Hans Geiger (1882-1945) in 1908; these devices, filled with an inert gas, were designed to capture and measure the ions produced by radiation entering the detector4. The Geiger counter, perfected in 1928, was the most popular of the ionization counters and is the only one still commonly seen in clinical biochemistry laboratories, where it is used as a portable radiation monitor. Another of these gas-filled detectors, the proportional counter, was used in the laboratory over many years for counting samples labelled with weak ,Bemitters such as carbon-14 and tritium; however, it has now been almost universally replaced for this purpose by the liquid scintillation counter.
In fact, all the radiation detectors alluded to so far have been supplanted by scintillation detectors in contemporary clinical biochemistry practice. These detectors are mainly of two types; one is the crystal scintillation counter (gamma counter) which uses thallium-activated sodium iodide crystals as scintillator and is employed mainly for gammaray measurement; the other is the liquid scintillation counter, in which organic scintillators are used in solution and which is mainly applied to measuring beta particles. Although scintillation counting dates back to the time of the spinthariscope, its development as a practical tool began with the electron photomultiplier tube developed during the Second World War. Hartmut Kallmann (b. 1896) is credited with establishing the first photoelectric scintillation detector in 1947, at which time he combined an organic fluor (naphthalene) with a photomultiplier tube for detecting single scintillation events. In 1950 Kallmann also discovered the possibility of liquid scintillation counting when he observed that solutions of certain organic materials such as anthracene were efficient enough to serve as scintillators. The foundations of crystal scintillation counting were laid in 1948 when Robert Hofstadter (b. 1915) discovered that thallium-activated sodium iodide crystals served as a scintillator45. Extensive commercial development of scintillation counters followed; the final major innovation was accomplished in the 1960s with the application of solid state components to counting circuitry46. Probably the most important application of radioactivity in chemical pathology relates to the technique of radioimmunoassay, introduced in 1958 by Rosalyn Yalow (b. 1921 ) and Solomon Berson (1918 Berson ( -1972 ; they successfully combined the characteristics of radioactive emissions which permitted detection and accurate quantification of small amounts of analyte with the specificity of antigenantibody interaction47'48.
MASS SPECTROMETRY
The mass spectrometer-a device which converts mole-mass-to-charge ratio-was developed in 1919 by the British physicist and Nobel laureate Francis William Aston . In Aston's instrument, a beam of positively charged ions was first deflected by an electric field, and then deflected a second time by a magnetic field. The degree of deflection of the ions, as registered on a photographic plate, was inversely proportional to their mass and velocity. Using the mass spectrometer, Aston showed that many elements are mixtures of two or more isotopes with slightly different atomic weights. The many different types of instrument now in use are modifications of Aston's prototype49. Mass spectrometers are capable of a high degree of resolutionhence their popularity in toxicology and 'drugs of abuse' services. Frequently, the resolving power of gas chromatography is coupled with the sensitivity and specificity of the mass spectrometer to form a unique tool for the analysis of complex biological samples. In addition, the technique of isotope dilution mass spectrometry has enabled further development of definitive methods for measuring analytes of clinical interest such as serum electrolytes, glucose, cholesterol, urea, uric acid and creatinine.
AUTOMATION IN THE LABORATORY
Automation in chemical pathology took off with development of the first successful system by Leonard T Skeggs. This was introduced as the AutoAnalyzer by Technicon Instruments Corporation in 1957. The AutoAnalyzer was a single-channel, continuous flow, batch analyser that provided one result per analyte for each specimen at a rate of 40-60 specimens per hour50.
The samples to be analysed passed sequentially through the same analytical pathway in a continuous stream of fluid along plastic or glass tubes. An important feature was the introduction of air bubbles into the liquid stream to separate specimens and reduce carryover from one specimen to the next. Specific functions were carried out by modules and several modules involved in one analytical method were linked together to form an analytical channel. A single channel was configured to perform analysis for one analyte only in each specimen. Automation revolutionized the delivery of laboratory services; it brought about an increase in both the repertoire and the number of tests that could be undertaken, and considerably shortened the time taken to perform such tests. Since the advent of the AutoAnalyzer, further development in the 1960s produced the DuPont ACA, in which reagents for each assay, contained in plastic packs, were taken inside the analyser by means of a metal chain. The 1970s witnessed arrival of centrifugal analysers which achieved much popularity. The major advance of the 1980s was the use of dry-reagent-impregnated films and tablets in dedicated analytical systems; random-access systems, with increased flexibility in processing, also cules into ions and then separates the ions according to their IJOURNAL OF THE ROYAL SOCIETY OF MEDICINE Volume 90 October 1997 emerged during this period. Automation has now been complemented by introduction of computers into laboratory work for the handling and processing of the vast amount of data now being generated.
LABORATORY COMPUTERIZATION
The computer has become one of the most important pieces of equipment in the clinical laboratory. Application of computers to health care delivery, including laboratory services, was initially hindered by the limited capacity and flexibility of the hardwareand its high cost. In the 1950s, computers were unable to communicate directly (on-line) with laboratory instruments or personnel; off-line methods of data input were therefore required. By the early 1960s, production of more sophisticated computer equipment at lower costs became possible, largely because of the development of integrated solid-state electronic circuits. During the 1 970s, highly efficient 'interactive systems', which could communicate directly with laboratory personnel and instrumentation, were developed. This period also witnessed advent of the computer chip, which revolutionized computerization. By the mid-1970s analytical mechanization in clinical laboratories was constrained largely by the inefficient manual data acquisition, processing and communication systems. Laboratory instrument manufacturers therefore turned to the newly emerging microprocessor technology as a solution; by virtue of their miniature size, high speed and relatively low cost, microprocessors could now be incorporated into many types of laboratory instruments. This led to a new generation of fully automated instruments, which through the keyboard and visual display units could communicate directly with the analyst. Furthermore, the relatively low cost of these microcomputers had thereby permitted easy and inexpensive acquisition of data for analytical and statistical purposes-such as quality control, on-line monitoring, data interpretation, reporting, communication and other activities relevant to laboratory management51.
In the modern laboratory, the various individual computer terminals are all networked into a complete laboratory information system; in institutions where there is a hospital information system (i.e. where computers control information flow throughout the entire hospital) this is interfaced with the laboratory and other computers. With the emphasis being not only on the quality of laboratory work but also on turn-around times, many laboratories in the UK have now extended computer links to general practices through electronic mail-boxes; individual surgeries are thereby able to receive and access the results of laboratory tests, as they become available after their authorization. If we add to this list basic office equipment such as the photocopier, the word processor and the fax machine, who could doubt that computer technology has vastly revolutionized the working patterns of clinical pathology laboratories.
